Bone marrow core~biopsies from 63 dogs with malignant lymphoproliferative disorders and leukemic involvement were evaluated. Multicentric lymphoma (44), multiple myeloma (8), chronic lymphocytic leukemia (9), and acute lymphoblastic leukemia (2) were found. Four distinct bone marrow histologic patterns were identified: focal (6), mixed (20), interstitial (28), and packed (9). Of those with focal or mixed patterns, 77% (20126) had paratrabecular distribution. Stromal changes were infrequent, with 6% (4163) having necrosis, 3% (2163) fibrosis, and 6% (4163) osteolysis. For each condition, the interstitial and mixed patterns were the most common presentations, while focal and packed patterns occurred less frequently. Morphologically, cells of metastatic lesions of lymphoma resembled those of primary sites. Colonization of bone marrow by various cytologic types of lymphoma was independent of the histologic patterns.
The histologic appearance of canine malignant or non-neoplastic bone marrow conditions has been reported to a limited extent.l0,'1,15,'9.21 Determination of leukemic involvement in bone is important for the clinical staging of canine lymphoma, as it has been shown to affect treatment and p r o g n~s i s .~J~ Vet-sified according to an adaptation of the types reported in human m e d i~i n e .~,~ Material for this study was from dogs presented to the Michigan State University Veterinary Clinical Center and Animal Health Diagnostic Laboratory. Bone marrow cores were collected with a Jamshidi needle from the iliac crest, proximal humerus, or femur. Specimens were fixed in B5 erinaq patholo@sts and have Often solution &loride and sodium acetate, nine upon aspirate examination to determine bone formaldehyde, one part) for 2 hours, decalcified in formic Illarrow neoPlasia.17 However, aspiration may miss focal neoplastic lesions and StrOmal changes that can only be appreciated by histologic examination (Raskin and Krehbiel, unpublished data, 1986).
Bone marrow biopsy for staging, histologic grading, and prognosis of human lymphoproliferative disorders have shown that various histologic growth patterns exist in bone marrow neoplasia. 1-3,8~13~16~1'8 Survival times of patients differ according to the extent and patterns of leukemic involvement. To determine this prognostic role in veterinary medicine, we have identified the histologic Patterns of neoplastic involvement in 63 cases of malignant lymphoproliferative disease in canine bone marrow.
acid solution for 2-3 hours, and held in 70% alcohol prior to embedding in paraffin. Following 3 fim sectioning, samples were treated to remove mercuric salts and then stained with hematoxylin and eosin (HE), periodic acid-Schiff (PAS), and Giemsa stains. Additional stains used in selected cases included Gomori's iron, Laidlaw's reticulin, and Gomori's trichrome.
Results
Four patterns of neoplastic involvement were identified and distinguished: (1)focal-lymphoid infiltrates located paratrabecularly ( Fig. l) , perivascularly ( Fig.  2) , or independent -of structures; (2) .patsis, immunoglobin quantitation, and radiography were also terns (1 lo/O-5/44) were found only in multicentric used in the diagnostic process to identify abnormalities in-lymphoma and multiple myeloma (13%-1/81 cases. dicative of neoplastic disease. Histologic patterns were clas-Packed patterns were generally infrequent for most 
PAS.
distribution. HE.
One or multiple variably sized, peripherally placed nuclei. HE. conditions, including chronic lymphocytic leukemia, where only one of nine cases had that pattern. The eight remaining cases were mixed (33O/o-3/9) and interstitial (569'0-5/9) patterns. The highest frequency of cases with a packed pattern was associated with multiple myeloma (25%-2/8).
Several topographic locations were in the focal and mixed patterns. These occurred mostly in a paratrabecular location ( Table 2) . This was especially apparent in the one case of acute lymphoblastic leukemia and three cases of chronic lymphocytic leukemia, which were included together under the heading of primary leukemia. Paratrabecular predominance (74O/o-14/ 19) could also be found in multicentric lymphoma.
Mitotic activity was evaluated within the neoplastic population for the 44 cases of multicentric lymphoma. There was a trend for the packed pattern to have high mitotic activity; 83% (5/6) ofthe cases had greater than six mitotic figures per high power field. It was more difficult in the other patterns to distinguish the mitotic activity of neoplastic cells compared with that of normal hematopoietic cells.
Stromal changes of necrosis, fibrosis, and osteolysis were infrequent in the cases of lymphoma, multiple myeloma, and primary leukemia. These changes were generally associated with those cases having the most severe neoplastic involvement. This was most frequently seen with packed histologic patterns. Necrotic lesions varied from complete to partial marrow involvement. The distribution of uninvolved hematopoietic tissue in one case of lymphoma was paratra-becular and perivascular ( Fig. 8) . This distribution suggests that hypoxia was important in the pathogenesis of lesions in that case, as areas distant from oxygen sources were most affected. Increased coarse collagen fibers were detected in only one case of multicentric lymphoma. Osteolysis, seen histologically as irregular trabecular margins ( Fig. 9 ), was seen in only two of eight cases of multiple myeloma. One case of lymphoma had evidence of all three types of stromal change.
Histologic patterns and percentages of all lymphoid cells in bone marrow smears were compared ( Table 3) .
The median values suggest that the lowest incidence (1 2%) of lymphocytes occurs with the focal pattern, and the highest incidence (89%) occurs with the packed pattern. The mixed and interstitial patterns were both intermediate, with 27% and 26%, respectively. The ranges, however, indicate considerable overlap in lymphocytic density between the various histologic patterns of marrow invasion.
For the 24 cases of lymphoma where lymph node biopsies were available, histologic comparisons were made between the primary site and bone marrow. Cellular morphology was similar in each case. Of the major cytologic types of lymphoma recognized in the dog,4 four were encountered ( 10, 11) .
Discussion
This study identified four distinct histologic patterns of leukemic involvement. These included a purelyfocal pattern, in which immature lymphoid cells were present in variably sized clusters, with little extension into the interstitium. The most frequent location in the study was paratrabecular, but other locations such as Fig. 10 . Focal paratrabecular pattern of immunoblastic lymphoma with a single large and centrally placed nucleolus in the neoplastic cells. HE. Fig. 11 . Focal paratrabecular pattern of diffuse large noncleaved lymphoma with one or multiple variably sized and peripherally placed nucleoli. HE. perivascular or intertrabecular could be found. It is important to distinguish these foci from benign lymphoid infiltrates that may occur in non-neoplastic con-ditiom2' The latter are often well defined clusters, with or without germinal centers that consist of small, welldifferentiated lymphocytes. Neoplastic aggregates are generally larger, with poorly defined borders. Cells in these aggregates may be characterized by monomorphism, larger cell size, and i m m a t~r i t y . '~ Distinction The mixed pattern involved a concurrent focal and interstitial appearance. The foci were poorly defined and extended loosely into the interstitium. This pattern. is separate from the purely focal type and should not be considered a later stage form. 3 The packed pattern of malignant lymphoid colonization, in which neoplastic cells totally replace fat and hematopoietic cells should only be considered the final stage in the progression of nonpacked forms.3 Foci of non-diffuse patterns will enlarge and coalesce, while the cellular density will increase within the interstitium of the diffuse patterns. This has been confirmed by serial core biopsies of human specimens to evaluate their e v~l u t i o n .~
The packed pattern was also associated with higher mitotic activity than the nonpacked types in this study.
The packed pattern has often been used to diagnose the presence of leukemia, notably chronic lymphocytic leukemia. This condition progresses slowly, allowing extensive marrow alterations to occur before clinical signs are evident. However, this study demonstrated that a variety of patterns could be diagnosed in this condition if the bone marrow was examined early in the course of disease.
The mixed and interstitial types were the patterns most frequently seen in all of the bone marrow leukemias studied. Of those cases with focal or mixed bone marrow involvement, the paratrabecular location was seen most frequently. This was particularly apparent in the cases of multicentric lymphoma and primary leukemia. The high frequency of this location is likely related to the microcirculation pattern of bone marrow. The blood supply is derived from nutrient artery arborizations that join with intraosteal vessels from the periosteum. The majority of blood comes from these intraosteal, or cortical capillaries, which anastomose with sinusoids at osteomyeloid junctions. 6 It is likely that metastatic cells from a lymphoma might lodge at these junctions as the vessel diameter decreases.
A distinct homing pattern occurs in some types of neoplastic hematopoietic cells. This is supported by a study in which radiolabelled transplantable myeloid and lymphoid leukemic cells initially colonized the subendosteal region of the rat femur.2o It was shown that the myeloid blast cells remained in that area to compete with normal hematopoietic stem cells, while lymphoid blast cells distributed randomly throughout the marrow. This difference in colonization tendencies may explain the more severe hematologic changes associated with myeloid leukemias. Others have shown that although a random distribution may occur initially in lymphoid leukemias, the patterns remain the same throughout the course of the disease, once a pattern has been e~tablished.~ These two studies support the variation in bone marrow histologic patterns of lymphoid malignancies seen in the present study.
Metastatic lesions derived from solid tissue hemolymphatic tumors cannot be distinguished from primary leukemia on the basis of bone marrow histologic appearance alone. Clinical history, physical examination with particular reference to lymphadenapathy, and hematologic data may assist in this distinction. The various clinical conditions resulted in diffuse (packed, interstitial) or non-diffuse (focal, mixed) distributions ( Table 1 ). All four patterns were seen in the bone marrow from cases of multicentric lymphoma. None of the cases with primary leukemia had a purely focal histologic bone marrow pattern, but a non-diffuse mixed type could be found. There was no tendency for a particular pattern by any of the clinical conditions examined.
Metastatic lesions in the bone marrow can be more easily diagnosed by their cytologic appearance in comparison with the primary sites. This study confirmed the association between these two sites. It is suggested that concurrent histologic examination of lymph nodes and bone marrow be performed when evaluating suspected cases of lymphoma. To assist in the recognition of subtle neoplastic lesions in the bone marrow, lymph node sections should be examined first to better appreciate the cell type involved.
The prevalence of the histologic patterns in canine lymphoma did not appear similar to that reported in human medicine, particularly between individual types ( Table 5 ). Since there was poor correlation among the human it was difficult to assess an accurate comparison to the canine disease. However, human cases tended to be more non-diffuse than diffuse compared to those in the dog. There was a similarity between the human and canine cases with respect to the incidence of bone marrow involvement detected at the time of initial diagnosis ( Table 5 ). This may suggest a similar rate of progression to the final clinical stage of lymphoma within these two species.
There was little correlation between the cytologic types of lymphoma and the four histologic patterns in the bone marrow ( Table 4 ). Specific patterns of leukemic involvement (e.g., focal paratrabecular) were as- sociated with more than one cytologic type (Figs. 10, 11) . Within the various cytologic types, the frequency of histologic patterns seen resembled the distribution of these patterns for all cell types ( Table 4 ). Since case numbers for some of the cell types were limited, additional studies are needed to fully substantiate this observation. Human bone marrow studies generally indicate an independence between cytologic types and histologic pattern^.^ However, some correlation may be found between immunologic cell types and pattern (e.g., B cell lymphomas are frequently focal paratrabecular, while T cell lymphomas are generally diffuse).'~~ Immunologic classification of canine lymphomas suggests that the majority are of a B cell type.12 Since diffuse patterns were as common as non-diffuse in this study, it would appear that this generalization cannot be assumed for the canine disease. Presumably, several factors actually determine the particular pattern of infiltration. Although the reasons for the occurrence of different patterns are not completely understood, it has been shown in human medicine that the different bone marrow histologic patterns have prognostic importance in terms of survival times.',* Within an individual cytologic cell type, focal, mixed, interstitial, and packed patterns have decreasing survival, in that ~r d e r .~ Prognosis may be best determined by a combination of the histologic cell type, volume of tumor burden, and the histologic growth pattern in the bone m a r r~w .~
